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Abstract
Virtual water represents all freshwater used in the process of producing a commodity. In the
case of agricultural products, many studies have focused on quantifying virtual water flows
through international trade products. The concept of virtual water commercialization should
be carefully studied as a potential solution for water scarcity, especially in countries facing
risks of water shortage in a few years such as in Tunisia.
The main idea of this paper is to optimize water use, by the mean of estimation of virtual
water in exported crops which have high water consumption. We also analyze the crops that
are imported and therefore, might contribute to save water.
Commonly exported and imported crops are widely cultivated in the region of Zaghouan
characterized by diversity of agricultural products. That’s why it could represent a good case
study from Tunisia. In this study we especially focus on olive oil which is one of the most
strategic exported products in Tunisia and on wheat as main imported product.
We attempt to create technical and economic data sheets through monitoring about 40
farmers in this region. These sheets are not only to estimate the gross margin but also to
calculate water demand for each crop allowing the estimation of virtual water. We found out
that Tunisia may saves 1.13 m3 of water per kilogram of wheat if we import it instead of
producing it domestically. In the case of olive trees, for an average yield of 2339 kg per
hectare we exports 2.10 m3 of virtual water for every kilogram of exported olive.
Results presented in this study are of essential implications for policy making regarding water
use optimization and water security enhancement.
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Introduction
Agriculture has always occupied an important place in the socio-economic development in
Tunisia. The agriculture expansion is heavily relied on available natural resources, especially
on water. Because of its geographical location, Tunisia undergoes the influence of two
climate types: the Mediterranean type in the north and the Saharan type in the south which
are at the origin of space and time variability in water resources. Therefore, the annual
rainfall average varies from less than 100 mm in the extreme south to more than 1500 mm in
the extreme northern parts of the country. Water resources are evaluated in 2000 to 4825
million m3, with 2700 million m3 of surface water and 2,125 million m3 of ground water.
Tunisia is, then, a country with relatively limited renewable water resources (SEMIDE,
2002).
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That’s why; taking into consideration the scarcity of water resources in the planning of
agricultural policies is necessary to improve the trade balance, to ensure a level of food
security, and to enhance the countryside and the environment.
In this context, many countries attempt to reach new alternatives for the management and the
sustainable use of water resources in particular. These new approaches have brought about a
relatively new idea called virtual water (VW) which tries to give an explanation to water use
management (Velázquez, 2007).
Virtual Water Concept
The Concept of virtual water was firstly defined by Allan (1993, 1994) in terms of the water
embodied in a certain product, that is, the water necessary for creating a product.
In food products or crops products trading, there is a virtual water flow between producers
and exporting countries and countries that consume and import those goods. Zimmer and
Renault, (2003) had concluded that it did not make much sense to export goods that required
a lot of water in countries with water deficits.
Therefore, countries facing water shortages should tend to import goods whose production
requires a lot of water rather than produce these goods. The transaction resulted in actual
water savings; it allows the country to not only ease the pressure on water resources, but also
to save its available resources to use for other purposes.
According to the Blue Plan (2008), agricultural products’ trading is responsible for nearly
90% of virtual water exchange in the world. It is indeed difficult to carry water, then it is
easier to trade agricultural products whose production is a major consumer of water in the
world (Fernandez and Thivet, 2008). Thus, food import is equivalent to the import of water
condensed form. This is called virtual water import (Allan, 1998).
The virtual water concept has also shown up influence of consumer’s food preferences and
agricultural policies in the surplus producing areas to the detriment of water resources
(Renault, 2002) and consequently has drawn attention internationally to the issue of the
irrigated agricultural activity distribution between different parts of the world and the
organization of global food markets.
Quantification of virtual water flows in agriculture allows illustrating interactions between
agricultural and water policies and their impact on the use of water resources. Policies to
reduce the export of products whose production requires large amounts of water are
occasionally adopted by many countries in situation of water shortage. These also tend to
increase their imports of agricultural commodities.
Particularly Middle East and North Africa countries, potentially illustrate a virtual water trade
strategy to compensate for water shortages and to enhance their food security (Wichelns,
2001).
To ensure food security, Tunisia imports a lot of agricultural products such as wheat, corn
and barley. In 2011, wheat imports reached almost 2 million tons (FAOSTAT, 2011). In
addition to food security, these imports can ensure better conservation of water resources.
Such a strategy is efficient during years in which the world price of grain products is less than
the cost of production especially in countries, like Tunisia, with a potential water scarcity.
Nevertheless, the export of some food products such as olive oil, citrus, dates, etc., even if it
involves the export of huge amounts of virtual water, it remains vital to Tunisian economy.
Nearly three-quarters of these products are intended for the European market.
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Objectives and structure of this study
To set this work in the right context, it is important to note that is part of a larger study in the
framework of a research project about “virtual water and food security in Tunisia: from
observation to support to development”. This project aims, mainly, to assess the potential and
challenges of virtual water in food security strategy in Tunisia and its implications on the
economy of water resources.
Regarding this work, goals are more specific. Based on gross margin collected data sheets we
will try to assess value of each m3 of water consumed by each studied culture. Next, we will
focus on the estimation of virtual water amount needed to produce two strategic crops in
Tunisia; Olive growing, since olive oil is one of the most important exported agro-food
products with about 100 thousand tons in 2010 and wheat as the most imported product with
1 million tons in 2010 (INS, 2010).
Field work took place in the region of Zaghouan located in the north-east of Tunisia. The
choice of this area can be justified by the fact that agricultural activities are focused on
cereals and olive growing. Agricultural land is covering two thirds of the region territory with
282,000 ha, (185,000 of arable land and 87 thousand of range and forest) and water resources
are mobilized by two large dams and 18 small lakes. The agricultural sector contributes
significantly to regional economic growth especially since it provides about 27% of jobs.
This work would provide the basis for any discussion about Tunisian agricultural policies,
rational and efficient water management in the field of agricultural production, water
resources conservation and food security. The study tries to go one step forward in this field
by breaking fresh ground for future research. The paper is organized as follows. After the
introduction, we will explain the methodology we have used to create technical and
economical data sheet, calculate gross margin and estimate virtual water. Results are
analyzed in part 3. Final remarks and conclusion are included in part 4.
Materials and methods
In this work we have been monitoring the management of 22 wheat farmers and 13 olive
trees farmers during a full crop season to create technical and economic data sheets, to
calculate gross margins and estimate the virtual water for each studied crop. The survey
covered various parts such as farmers’ identification, acreage, mechanization, labor, seeds,
irrigation, fertilization, treatments, yield and selling prices. All questions were about
quantities, prices, dates of farming activities, costs and incomes.
Obtained information is used to calculate charges and gains of each farmer and to deduce
gross margin.
Gross margin = Total incomes - Total variable charges
Technical and economic data sheets have been developed for each farm then weighted
average sheets have been made for each crop. The weighting is based on the farm size.
After that, we attempt to estimate virtual water (m3/kg) for wheat as an imported product and
olive oil as an exported one. As we saw previously, virtual water is the water embodied in
products, in other words, the water which is necessary to produce certain goods. Hoekstra
(2002, 2003) suggested two branches to the concept to analyze the amount of water that can
be saved if we import goods instead of producing them domestically: real virtual water and
theoretical virtual water. The first involves the water that is actually used in the domestic
production of goods. In turn, the second is the water that would have been used in the country
of destination for a same production. In order to estimate the virtual water associated to olive
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oil, we will estimate the amount of water actually used to produce olive oil in the studied
zone. Actually we will use the concept of real virtual water created by Hoekstra et al. (2003).
Conversely, we will employ the concept of theoretical virtual water to estimate the virtual
water imported in wheat crops. This means the amount of water that we would have needed if
we have not imported wheat but produced it instead. This theoretical concept is more suitable
than the concept of real virtual water to estimate imports of virtual water in this case. This
amount of water does not have to coincide with the amount we would be using in country we
are importing from, on account of the differences in weather conditions, soil texture,
evapotranspiration, etc. (Velázquez, 2007).
The first step to calculate virtual water is to estimate the Water Needs of a harvested Crop n
(WNCn), expressed in m3/ t (Chatzimpiros and Barles, 2007).
WNCn = ETPN / Rn
ETPn is potential evapotranspiration of the plant (mm / period of growth, calculated by the
Penman-Monteith method (Allen et al., 1998) and made available by the FAO (Food and
Agriculture Organization of the United Nations) and Rn the n crop yield (t / ha) (Agreste,
2006). The potential amount of water (PWn) per crop per year is then calculated by
multiplying the harvested production (Pn) by WNCn.
PWn (m3) = WNCn (m3 / t) * Pn (t)
Calculation of water productivity is rather simple: crop water requirements ETa (m3/ha) are
calculated from the climatic demand (ETP) adjusted with crop coefficients (Kc). Software
like CROPWAT (FAO, 1992) can be used for this purpose. Water productivity is then
obtained by dividing the crop yield Y (kg/ha) by the crop water requirements. Virtual water
value (VWV), the inverse of water productivity is then given by the following equation:
VWV=Eta / Y
So, virtual water of the crop per unit (m3/kg) has been estimated as the ratio of the water
consumption (m3/ha) to the crop yield (kg/ha). The water consumption is obtained by
summing up the real water evapotranspiration over the growing period of rainfall and
irrigated systems. The water consumption includes the proportion of the water
evapotranspiration of each textural class. The virtual water volume in m3 is calculated
multiplying the final water consumption over the growing period and the crop area. The
inclusion of water consumption depending on the textural class is an improvement of the
method of Hoekstra et al. (2009) made by Salmoral et al. (2010).
Calculations were made with an Excel application elaborated by the project team and
checked by the CROPWAT software.
Results and discussion
Conducted field surveys showed us that Tunisian farmers are usually unaware of the water
needs of crops. Irrigations doses are made most of the time by the amount of available water
and archaic skills based on traditional tools (foliage observation, assessing soil moisture,
etc.). Distribution of irrigation doses is set randomly without really recognizing critical stages
of plants development. This can be explained by the low level of education of the majority of
the interviewed farmers (more than 60%) and their age that usually exceeds 50 years. The age
and educational levels of the sample match with national statistics. In fact, according to the
survey on the agricultural exploitations structure (2004-2005) carried out by the Ministry of
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Agriculture, Water Resources and Fisheries, about 70% of Tunisian farmers are aged over 50,
illiterate or with primary school education.
Concerning crops, we can say that average weighted data sheet obtained for wheat farming
in the region of Zaghouan shows that for an average yield of 60 quintals/ha, gross margin is
about 500 €. The value of one m3 of irrigation water is estimated at 0.170 €. As for the olive,
despite it is a low cost production crop, the average gross margin does not generally exceed
500 €. The olive trees need supplementary irrigation only during the dry period in the studied
zone. One m3 of water used for the irrigation of olive trees leads approximately to a gross
margin of 0.5 €. These results are confirmed by the study of Bachta et al. (2001) about
competitiveness of exported Tunisian agricultural products and costs in natural resources.
This work shows that olive oil exported by Tunisia has a statistically significant explanatory
power of competitive performance, contrary to wheat.
Virtual water comprises three components of different colors: the green, blue and grey waters
(Allan, 1998). Quantification of virtual water flows for each of the two studied cultures
showed that for wheat, volume of virtual water used is equal to 682.5mm which is the sum of
the green water (useful rain) with 292 mm and blue water (irrigation water) with 390.4mm.
VW = VW1 *10 / Y = 6825/6018 = 1.13 m3/kg
VW: Virtual Water expressed in m3/kg
VW1: Virtual Water expressed in mm
Y: Yield in kg/ha
In other words Tunisia saves 1.13 m3 of water per kilogram if we import wheat instead of
producing it in the region of Zaghouan. In the case of olive trees, the amount of virtual water
used is equal to 493.5 mm or (408.5 mm, 85mm green water and blue water). This means that
for an average yield of 2339 kg per hectare, virtual water is about 2.10 m3/ kg. Consequently,
Tunisia exports 2.10 m3 of water for every kilogram of exported olive. This amount will
increase considerably when we involve olive oil processing water consumption.
Importing significant quantities of wheat represent a good strategy especially when the world
price is below the cost of local production. As we have already seen, by importing about 1
million tons of wheat per year, Tunisia is saving a huge amount of virtual water. Indeed,
wheat is a vital commodity for food security in water scarce importing countries (Yang et al.,
2006). It is also important to preserve local production. That’s why; wheat production is still
being closely related to agricultural and water policy of the country.
Finally, although farming products’ needs of virtual water amount vary according to crops,
varieties themselves, crops managements, etc., the encountered results are comparatively
close to those reported by Zimmer and Renault (2003).
Conclusion
Through the two studied crops examples, we intend to contribute to the achievement of a
more efficient allocation of water resources, and to making a first step towards a
comprehensive analysis of two dimensions of virtual water - agronomic and economic - in a
perspective of sustainable development and improved food security.
The challenge is to develop the country's capacity to produce crops while preserving and
enhancing its limited water resources through the choice of crops that use less water and
guarantees good returns.
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Indeed, in the current context of scarce water resources, farmers should be better encouraged
to rationalize water use. Managers should be able to ensure an equitable distribution of
available resources based on crop needs. Therefore, we can say that the opportunities to
improve water efficiency in the agro-economic level is based primarily on a better planning
of land use and a proper management of the limited water resources. Valuing virtual water is
also dependent on the establishment of a proper irrigation schedule that provides the plant
with its water needs in its vegetative stages. Irrigation system must be revised to increase its
efficiency. All that can have a positive impact on limiting water wastage.
Tunisia exports water-extensive high-value economic products adapted to the Mediterranean
climate, essentially olive oil. It is true that by exporting olive oil Tunisia loses a significant
amount of virtual water, but these exports are very important from an economic and social
point of view.
Finally, it is important to say that further analysis will be carried out in the project “virtual
water and food security: from observation to support to development”. These studies could
provide a transparent and multidisciplinary framework for informing and optimizing water
policy decisions, contributing at the same time to the implementation of a national water
directive.
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